Introduction
In the US, 79 million adults have prediabetes, 1 a prevalence approximately 3 times that of diabetes. 1 Prediabetes is defined as a condition in which people have higher than normal blood glucose levels but not high enough for a diagnosis of diabetes. 1 According to the American Diabetes Association, the diagnostic criteria for prediabetes is an elevated fasting plasma glucose level (100 mg/dL-125 mg/ dL), a glycated hemoglobin (HbA 1c ) value of 5.7% to 6.4%, or an elevated plasma glucose level after an oral glucose tolerance test (140-199 mg/dL). 2 The diagnostic criteria for prediabetes and diabetes are shown in Table 1 .
Findings of the population-based US National Health and Nutrition Examination Survey suggest that 35% of US adults older than 20 years and 50% of those older than age 65 years have prediabetes. 1 Around 5% to 10% of people with prediabetes become diabetic every year. 3 The American Diabetes Association recommends that diabetes testing start at age 45 years for all adults who are overweight (body mass index [BMI] > 25 kg/m 2 ) and have any of the following additional risk factors 4 : • physical inactivity • hypertension or history of cardiovascular disease • low levels of high-density lipoprotein cholesterol and high triglycerides • first-degree relative with diabetes • history of previous elevated blood glucose level or HbA 1c measurement • women with polycystic ovarian syndrome • history of gestational diabetes or giving birth to a baby weighing more than 4.082 kg (9 lb) • member of an ethnic or minority racial group. Kaiser Permanente (KP), with approximately 8.5 million members, may be a microcosmic representation of the national data. It is estimated that KP has 852,031 patients who currently meet the criteria for prediabetes by laboratory testing (Table 2) . Not all patients with prediabetes are overweight or obese. Data in Table 3 show that 81% of these patients in the Antelope Valley and Kern Service Areas are overweight or obese (BMI > 25) and 19% are normal weight (BMI < 25) .
A systematic review of prospective studies confirms a strong, continuous association between HbA 1c level and subsequent diabetes risk. 5 Persons with an HbA 1c value of 6.0% or above had a high risk for development of clinically defined diabetes. The 5-year risk of diabetes if the baseline HbA 1c value was at least 6% ranged from 25% to 50%. The relative risk of diabetes was 20 times higher if the HbA 1c was greater than or equal to 6% compared with an HbA 1c of 5% or less. Persons with an HbA1c value between 5.5% and 6.0% also had a substantially increased risk of diabetes, with 5-year incidences ranging from 9% to 25%. The authors conclude that the level of HbA 1c appears to have a continuous association with diabetes risk. According to an American Diabetes Association expert panel, up to 70% of individuals with prediabetes will eventually have diabetes. If current trends continue, 1 in 3 adults will have diabetes by 2050. 6 The total estimated cost of diagnosed diabetes in 2012 is $245 billion. This included $176 billion in direct medical costs and $69 billion in indirect costs. The largest components of direct medical costs were hospital inpatient care and prescription medications. People with diagnosed diabetes incur average medical expenditures of about $13,700 per year, of which approximately $7900 is attributed to diabetes. The largest component of indirect costs was increased absenteeism and reduced productivity while at work.
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More than 100 million Americans have prediabetes or diabetes. Prediabetes is a condition in which individuals have blood glucose levels higher than normal but not high enough to be classified as diabetes. People with prediabetes have an increased risk of Type 2 diabetes. An estimated 34% of adults have prediabetes. Prediabetes is now recognized as a reversible condition that increases an individual's risk for development of diabetes. Lifestyle risk factors for prediabetes include overweight and physical inactivity.
Increasing awareness and risk stratification of individuals with prediabetes may help physicians understand potential interventions that may help decrease the percentage of patients in their panels in whom diabetes develops. If untreated, 37% of the individuals with prediabetes may have diabetes in 4 years. Lifestyle intervention may decrease the percentage of prediabetic patients in whom diabetes develops to 20%.
Long-term data also suggest that lifestyle intervention may decrease the risk of prediabetes progressing to diabetes for as long as 10 years. To prevent 1 case of diabetes during a 3-year period, 6.9 persons would have to participate in the lifestyle intervention program. In addition, recent data suggest that the difference in direct and indirect costs to care for a patient with prediabetes vs a patient with diabetes may be as much as $7000 per year. Investment in a diabetes prevention program now may have a substantial return on investment in the future and help prevent a preventable disease.
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National annual medical costs of prediabetes in 2007 exceeded $25 billion, or an additional $443 for each adult with prediabetes. 8 Several studies suggest that the long-term damage of end-organs associated with diabetes may start in prediabetes. [9] [10] [11] In 2012, United Healthcare reported in Health Affairs that adults with diabetes have an average annual health care expenditure of $11,700 per person, whereas adults without diabetes have an average annual expenditure per person of $4400. 12 
Treatment

Lifestyle Intervention
Treatment of diabetes prevents some of its devastating complications but does not usually restore normal blood glucose levels.
13, 14 The diagnosis of diabetes is often delayed until complications are present. 15 Because current methods of treating diabetes do not prevent all the complications associated with the condition, prevention of diabetes and even prediabetes is preferable. The Diabetes Prevention Program Research Group has published several studies showing that Type 2 diabetes may be preventable by diet and exercise. [16] [17] [18] In 2002, Knowler et al 16 hypothesized that lifestyle intervention would prevent or delay the development of diabetes. The researchers randomly assigned patients with prediabetes to receive a placebo or a lifestyle modification program with the goals of at least a 7% weight loss and at least 150 minutes of physical activity per week. The mean age of the participants was 51 years, and the BMI was 34.0 kg/m 2 . The average follow-up was 2.8 years. The incidence of diabetes was 11.0 and 4.8 cases per 100 person-years in the placebo and lifestyle groups, respectively. The lifestyle intervention reduced the incidence by 58% compared with placebo. Participants assigned to the lifestyle intervention had more weight loss and greater increase in physical activity than did participants in the placebo group.
The average weight loss was 0.1 kg and 5.6 kg in the placebo and lifestyle intervention groups, respectively (p < 0.001). Further analysis of the study showed that if patients with prediabetes received no intervention, diabetes would develop in approximately 37% in 4 years. The lifestyle modification program decreased the percentage of persons with prediabetes in whom diabetes developed in 4 years to approximately 20% ( Figure 1 ).
Unless people with prediabetes change their lifestyle, most will have Type 2 diabetes within the next 10 years, according to the National Institute of Diabetes and Digestive and Kidney Diseases. 19 Lifestyle changes such as weight loss (7% of body weight) and moderate physical activity (150 minutes per week) can reduce the risk of diabetes by as much as 58%. 20 To prevent 1 case of diabetes during a 3-year period, 6.9 persons would have to participate in the lifestyle intervention program. 16 The Finnish Diabetes Prevention Study published in 2003 21 evaluated the effects of a lifestyle intervention on short-term and long-term changes in diet and exercise behavior, and the effect of the intervention on glucose and lipid metabolism. In the study, 522 middle-aged, overweight investigated the persistence of the effects in the long term on the patients described in the study published by the same group in 2002. In this follow-up study, 88% of patients enrolled for a median additional follow-up of 5.7 years. On the basis of benefits from the intensive lifestyle intervention in the first study, all 3 groups were offered group-implemented lifestyle intervention. During the 10-year follow-up since randomization, the original lifestyle group lost, then partly regained weight. Diabetes incidence rates in this follow-up study were similar between treatment groups: 5.9 per 100 person-years for lifestyle intervention and 5.6 for placebo. Diabetes incidence in the 10 years since randomization was reduced by 34% in the lifestyle group compared with the placebo group. The authors concluded that prevention or delay of diabetes with lifestyle intervention could persist for at least 10 years.
In 2012, Perreault et al 18 reported that patients with prediabetes that did not progress to diabetes after they completed an intensive lifestyle intervention were still at high risk for the development of diabetes. They also discovered that reversion to normal glucose levels, even transiently, was associated with a 56% reduced risk of future diabetes.
In 2013, Schellenberg et al 20 compared the effectiveness of lifestyle interventions to standard care on minimizing progression of prediabetes to diabetes or reducing all-cause mortality in diabetes. This meta-analysis study identified 9 randomized, controlled trials with prediabetic patients who were at risk of diabetes and 11 randomized, controlled trials with patients who had diabetes. Seven of the 9 studies looking at patients who were at risk of diabetes reported that lifestyle interventions decreased the risk of diabetes up to 10 years after a lifestyle intervention.
Results of multiple trials support a long-term reduction in diabetes risk or a delay in onset of the disease as a result of lifestyle and drug-based intervention. [22] [23] [24] In the 20-year follow-up of the Da Qing Diabetes Prevention Study, those receiving a lifestyle intervention had a 51% lower incidence of diabetes. 24 Groupbased lifestyle interventions over 6 years can prevent or delay diabetes for up to 14 years after the active intervention.
In 2011, Gong et al 25 reported a study started in 1986 when 577 adults with impaired glucose tolerance from Da Qing, China, were randomly assigned by clinic to a control group or 1 of 3 lifestyle intervention groups (diet, exercise, and diet plus exercise). In 2006, the researchers conducted a 20-year follow-up study of the original participants to compare the incidence of retinopathy, nephropathy, and neuropathy in the intervention group vs the control group. Follow-up information was obtained on 542 (94%) of the original participants. After adjusting for clinic and age, the incidence of severe retinopathy was 47% lower in the intervention group than the control group. No significant differences were found in the incidence of severe nephropathy or in the prevalence of neuropathy. 25 
Pharmacologic and Surgical Intervention
Evidence of potential benefits from pharmacotherapy to prevent diabetes in patients with prediabetes was reported by Knowler et al 16 in 2002. Biguanides, such as metformin, were shown by the investigators to decrease the incidence of diabetes but not as much as lifestyle interventions. Metformin, which has a good safety profile, has beneficial effects on BMI and lipid concentrations. 26 In 2010, Lilly and Godwin 27 concluded after a systematic review of the literature and meta-analysis that metformin lowers risk of Type 2 diabetes by 45%. The number needed to treat was between 7 and 14. 27 The beneficial effects of metformin were greater in people who were prediabetic with a higher baseline BMI than in the individuals with a lower BMI.
14 Thiazolidinediones (troglitazone, rosiglitazone, and pioglitazone) have been shown to reduce the incidence of diabetes in patients at risk of diabetes. However, risks of this medication, which may include hepatoxicity, weight gain, edema, and heart failure, outweigh the benefit in preventing prediabetes from progressing to diabetes. [28] [29] [30] For example, troglitazone was withdrawn from the market in 2000 because of serious idiosyncratic hepatotoxicity. 31 Although inhibitors of the reninangiotensin-aldosterone system may have a beneficial effect on reducing complications of prediabetes and diabetes, there is no evidence that they help in preventing prediabetes from progressing to diabetes. In morbidly obese people, bariatric surgery is associated with sustained weight loss and a substantial reduction in the two-year and ten-year incidence of diabetes.
32,33
Discussion By screening and risk-stratifying individuals as prediabetic, we may be able to develop a strategy to prevent prediabetes The identification and treatment of prediabetic individuals is therefore crucial to our efforts to make health care more affordable, prevent preventable disease, and save lives. Recent evidence presented in this article suggests that prevention of progression of prediabetes to diabetes and conversion of prediabetes to a normal glucose state is possible. On the basis of a literature review and published metaanalyses, we recommend that physicians screen and risk-stratify individuals with prediabetes. By doing so, we may be able to develop interventions that focus on the risk of the patient with prediabetes.
As shown in Table 4 , it may be possible to risk-stratify individuals with prediabetes by HbA 1c and BMI. All patients with prediabetes should complete the following goals: 1) lifestyle modification training, 2) 150 minutes per week of physical activity, and 3) 7% weight loss if BMI exceeds 25 kg/m 2 . For high-risk individuals with high BMI, pharmacologic and surgical interventions may be considered if these goals are not achieved. Metformin appears to have a good safety record and may help with weight and lipid management. Other antidiabetes medications may have risks that prohibit their use at this time. 34 Economic considerations are important for health care groups because the cost to care for individuals with diabetes far exceeds the cost to care for patients with prediabetes or normal glucose levels. Most studies support the notion that lifestyle change should be the cornerstone for diabetes prevention. On the basis of results published by Knowler et al 16 in 2002 and others, 35 it may make financial sense to invest in the treatment of prediabetes. Knowler et al 16 estimated that 37% of individuals with prediabetes would have diabetes in 4 years without intervention. If individuals with prediabetes complete a lifestyle intervention program, their risk of diabetes developing in 4 years decreases to about 20%. Studies were not performed to determine if interventions to promote healthy eating and active living over many years could help reduce the percentage of people whose prediabetes progresses to diabetes to less than 20% (Figure 1) . The difference in direct and indirect costs to treat a patient with prediabetes vs diabetes is estimated to be about $7000 per year. 7, 12 KP estimates having at least 852,031 patients with prediabetes ( 36 Of concern are recent data showing that an intensive lifestyle intervention focusing on weight loss did not reduce the rate of cardiovascular events in overweight or obese adults with Type 2 diabetes. 37 This finding suggests there is a window of opportunity in patients with prediabetes to save lives that may not occur in patients with diabetes. However, in another study, lifestyle modification was exceptionally effective in preventing diabetes in older individuals, and this finding was largely explained by greater weight loss and an increase in physical activity. 38 These data suggest that even older adults may benefit from behavior-change interventions aimed at preventing diabetes and its complications. Recent data suggest that lifestyle interventions to prevent diabetes may overcome the genetic risk of diabetes. 39 This information may be helpful to Finally, because most of the direct costs for diabetes are associated with treating complications of diabetes, 40 a managed care organization like KP, which is not dependent on fee-for-service reimbursement, may be in a unique position to help implement upstream programs in schools and community programs now to prevent prediabetes, diabetes, and complications of diabetes. 41 
Conclusions
The time is right to develop a proactive approach to prediabetes. This approach may include the following recommendations for practice: 1. Develop a business case for screening for and for treating prediabetes. This will involve estimating the cost savings resulting from preventing hundreds of thousands of patients from diabetes minus the estimated cost to screen all patients at risk of diabetes and the estimated cost for implementing an effective lifestyle modification program to all patients with prediabetes. 2. Develop clinical guidelines for physicians on how to identify and manage patients with prediabetes, as outlined in Table 4 . The guidelines will help us determine a standardized approach to treating prediabetes and allow us to develop measurable outcomes to determine if all patients with prediabetes are completing a lifestyle modification program and achieving weight loss, HbA 1c , and physical activity goals, as shown in Table 4 
